nonconforming) and HRQOL using the EuroQol questionnaire (EQ-5D-5L). Models were adjusted for demographic characteristics, including sexual orientation identity. 
Introduction
Adolescents and young adults who have a nonconforming gender expression-that is, who visibly transgress societal gender norms and expectations for their perceived gender-are at heightened risk of social and physical stressors such as harassment, discrimination, and violence victimization [1] [2] [3] [4] . Sexual minority stress theory posits that such social stressors may drive mental and physical health inequities in sexual minorities compared to heterosexuals [5, 6] .
3
Mounting evidence points to the serious mental health consequences of these social determinants for persons who are gender nonconforming, whether or not they are also sexual minorities [7] [8] [9] [10] [11] , suggesting that physical health outcomes also warrant attention. Stigma and discrimination based on gender, race, and sexual orientation have been associated with increased risk of cardiovascular disease, pain, physical functioning, disability, and overall poor physical health status [12] [13] [14] [15] [16] [17] [18] [19] . Stigma has also been linked to reduced personal wellbeing and health-related quality of life (HRQOL) for those with specific health conditions, such as HIV or Parkinson's disease [20] [21] [22] . However, we are not aware of studies analyzing gender nonconformity and HRQOL in non-clinical populations of young people.
Given the importance of stigmatization and discrimination [23] , more research is needed on the potential physical as well as mental health impacts of socially assigned gender nonconformity, that is, the extent to which a person is perceived by others as transgressing conventionally "masculine" vs. "feminine" characteristics [24] . In addition, studies of masculine gender conformity support the need for closer investigations of the health consequences associated with the spectrum of gender conformity and nonconformity. Higher levels of conformity to masculinity norms have been linked to alcohol, tobacco, and illegal substance use, to greater depressive symptomatology, and to medical mistrust in men [25] [26] [27] [28] [29] [30] , all of which might influence HRQOL. Although fewer, studies of gender nonconformity among men and women have found varying associations with cancer-related health behaviors, such as physical activity, chewing tobacco, and tanning bed use [31, 32] . For example, some studies have found that inclination towards stereotypically "feminine" norms is associated with less physical activity in young men and young women [31, 33] , with implications for HRQOL. Some research suggests that health impacts of gender conformity and nonconformity may differ for women and men, but findings are mixed [7, 8, 31, 32] and there is a need to better understand genderbased differences across multiple health domains and in relation to overall HRQOL. The present study investigated whether self-reported appraisal of socially assigned gender nonconformity was associated with overall HRQOL in a cohort of adolescents and young adults. HRQOL is a critical indicator of population health and wellbeing that can be used to quantify: (a) the public health toll of adverse exposures, including harassment, discrimination, or violence due to gender nonconformity and (b) the cost-effectiveness of interventions, e.g., initiatives to reduce stigma.
Following from our conceptualization of socially assigned gender nonconformity as a potential indicator of exposure to stigma-related social stressors, we hypothesized that:
(1) Study participants who reported higher levels of socially assigned gender nonconformity would have reduced HRQOL in young adulthood after accounting for sexual orientation, including greater risk of poor mental health (anxiety or depressive symptoms), greater risk of physical health limitations (limitations in mobility and usual activities and problems with pain), and lower health utility scores compared to participants who reported less gender nonconformity. (2) Moderator effects by gender would be observed, whereby there would be a stronger association between gender nonconformity and lower HRQOL in women than in men (with the hypothesis that gender nonconforming women are more likely than gender nonconforming men to engage in conventional masculine behaviors associated with physical risk-taking and substance use, reducing HRQOL [26, 34] ).
Methods

Participants
Participants were drawn from the Growing Up Today Study (GUTS), a U.S. cohort study of children of women in the Nurses' Health Study II (NHSII) that began in 1996, with 16,882 children aged 9-14 years (GUTS1) and was expanded in 2004 with 10,923 additional participants aged 9-15 years (GUTS2). Both women in the Nurses' Health Study and their children have been primarily white and from middle-to-high income families. GUTS participants have been sent questionnaires (paper and online formats) annually or biennially. The current analyses include 8408 individuals who provided information on the key predictor, gender nonconformity, in 2010-2011, and on the key outcome, HRQOL, in 2013; individuals missing vs. not missing these data had similar sociodemographic characteristics, with the exception of being slightly more likely to be male (37% vs 30%; p < .001) and self-identified as completely heterosexual (85% vs. 82%; p < .01). Transgender-identified participants were excluded (n = 18) as this group was too small for analysis. We used multiple imputation to adjust for covariate missingness (household income, n = 1503; sexual orientation identity, n = 34). The Brigham and Women's Hospital Institutional Review Board approved this study.
Measures
Primary predictor: gender nonconformity
Gender nonconformity was measured using two variables: (1) the participant's gender as reported at baseline; and (2) the Socially Assigned Gender Expression (SAGE) Scale, a two-item self-report measure that has been validated through cognitive testing [24, 35] and which was administered in 2010-2011 when participants were 16-29 years old. For the SAGE Scale, respondents self-reported how they thought people would, on average, describe their (a) appearance, style, or dress and (b) mannerisms. Response options ranged on a seven-point scale from "very masculine" to "very feminine." The two items were recoded relative to participant's gender (e.g., "very feminine" coded as one for women and seven for men) and summed to produce a gender nonconformity summary score (range 1-7) where low scores indicate high socially assigned gender conformity and high scores indicate high nonconformity. Based on the distribution of scores and the study's focus on gender nonconformity relative to gender conformity, this score was used to construct three analytic categories: (1) highly gender conforming (score <2); (2) moderately gender conforming (score 2-3); and (3) most gender nonconforming (score >3; corresponds to any report of being feminine among men, masculine among women, or "equally feminine/masculine"). Figure 1 illustrates the distribution of these groups by gender and sexual orientation identity in the study sample.
Outcome: health-related quality of life (HRQOL)
HRQOL was assessed using the EuroQol-5D-5L (EQ-5D) [36] . The instrument asks about degree of health problems along five dimensions: mobility, self-care (e.g., dressing oneself), usual activities (e.g., housework, leisure), pain or discomfort, and anxiety or depression, with five response categories for each (from no problems to extreme problems). Following recommendations from the EuroQol group [36] and based on the low expected prevalence of functional limitations in a young non-clinical cohort such as GUTS, outcomes in each physical functioning dimension (mobility, self-care, usual activities) and pain/discomfort were dichotomized into "no problems" (1) vs. "any problems" (2) (3) (4) (5) . Responses on anxiety/depression were dichotomized into "none or slight problems" (1-2) vs. "moderate, severe, or extreme problems" (3) (4) (5) , following prior EQ-5D classifications [37, 38] .
Responses were converted into health utility scores using the standard U.S. preference-weighted health utility algorithm [39] . As EQ-5D-5L value sets were not yet available for the U.S., we relied on a crosswalk value set, which maps EQ-5D-5L responses to the former EQ-5D-3L instrument [40] . These responses generate a total of 243 possible health states, which are then converted into a summary index by applying scores from a valuation set derived from a probability sample of English-and Spanish-speaking U.S. adults [41] . This results in a U.S.-specific estimated health utility, calibrated to reflect the degree to which different health statuses are valued in the U.S. population overall. Index values for the U.S. population range from most severe impairment on all five dimensions, considered a state "worse than death" (value = −0.109), to full health (value = 1.0) [42] .
Covariates
Age at questionnaire return was assessed in 2013 (range: 18-31 years in 2013). We used annual household income in 2001 (when participants were ages 7-19 years) as this was the only available indicator of childhood socioeconomic position (SEP). This was reported by mothers and coded categorically (<$40,000, $40-49,999, $50-74,999, $75-99,999, $100,000+). Self-reported sexual orientation identity was collected on the same wave as SAGE (2010-2011) and coded as sexual minority (mostly heterosexual, bisexual, or gay/lesbian/homosexual) or ; n = 8408). Sexual orientation identity categories do not add up to 8408 due to missing information on sexual orientation identity (n = 34) completely heterosexual; 2013 report of sexual orientation identity was used for those missing 2010-2011 data (n = 651). Data on race/ethnicity were provided by self-report and are displayed for descriptive purposes (Table 1) ; we did not include this covariate in the analyses because inclusion had no impact on results. Gender nonconforming (n = 556, 7%) 
Analysis
We examined the association between gender nonconformity at ages 16-29 years and outcomes at ages 18-31 years, including (1) risk of poor health in each of the five health dimensions of the EQ-5D and (2) overall preferenceweighted HRQOL scores. After fitting bivariate models to assess crude associations, we used multivariable regression to account for potential confounders (age, gender, childhood SEP, sexual orientation identity, GUTS1 vs. GUTS2 cohort). Because some mothers enrolled more than one child in the GUTS cohort, we used generalized estimating equations (GEE) and the robust sandwich estimator to account for within-family clustering [43] . Throughout, we used a log link function to estimate adjusted relative risks for each EQ-5D dimension modeling combined levels 2-5 vs. 1 (or 3-5 vs. 1, for anxiety/depression) and, given the large sample size, we used an identity link function to estimate changes in overall utility as a linear function of gender nonconformity. We tested for interactions between gender nonconformity and gender; we present both aggregated and gender-stratified results for all outcomes. We implemented multiple imputation methods to account for uncertainty due to missing data on covariates (childhood SEP and sexual orientation identity) [44, 45] , using SAS PROC MI with the FCS logistic specification and PROC MIANALYZE [46] . We checked the sensitivity of our findings by comparing the results using multiply imputed values to findings using complete case analysis as well as inverse probability-weighted analyses and found no substantive differences in results. We also conducted sensitivity analyses in which we used two alternative cut-points to identify those in the most gender-nonconforming group: a lower cut-point of three for the whole sample (gendernonconforming group = 15.2%), and a more stringent cutpoint of four in a sample restricted to women (gender-nonconforming women = 4.5%; not possible for men due to small sample size). All analyses were conducted using SAS v9.3 (SAS Institute, Cary, NC).
Results
The study sample included 2611 men and 5797 women. Participants were 93% white and 88% had mothers who reported an annual household income ≥$50,000 in 2001 (when participants were ages 7-19 years). Approximately 4% of young men and 8% of young women reported high levels of socially assigned gender nonconformity (Fig. 1) . As shown in Table 1 , socially assigned gender nonconformity was significantly more common among women than men (p < .0001) and among those who identified as sexual minorities compared to their heterosexual counterparts (p < .0001).
Prevalence of functional limitations was relatively low, as expected in a young non-clinical sample: 4% reported currently experiencing any mobility limitations, <1% reported any self-care limitations, and 6% reported any limitations in usual activities. In addition, 28% of participants reported pain or discomfort and nearly 14% reported moderate-to-severe levels of anxiety or depressive symptoms. In bivariate analyses, there were significant positive associations between higher levels of gender nonconformity and poorer health status in young adulthood for all dimensions (p < .0001) with the exception of self-care (p = .07). Overall, the mean HRQOL health utility score was 0.908 (SD = 0.094). In bivariate analyses, higher levels of gender nonconformity were associated with poorer HRQOL: mean health utility was 0.922, 0.905, and 0.871 among persons who were highly gender conforming, moderately gender conforming, and gender nonconforming, respectively (p < .0001).
In multivariable models (Table 2) , participants reporting the highest levels of gender nonconformity experienced higher risk of health problems relative to those who were highly gender conforming on four dimensions: mobility limitations, usual activities limitations, pain/discomfort, and anxiety/depression. For example, those who were most gender nonconforming had 2.3 times greater risk of reporting limitations in their usual activities compared to those who were most gender conforming (RR = 2.29, 95% CI 1.67, 3.13).
Gender partially modified the associations between gender nonconformity and pain and anxiety/depressive symptoms (pain: p < .05 for gender-by-highly-gender nonconforming interaction term; anxiety/depression: p < .05 for gender-by-moderately gender conforming); interaction terms for usual activities were marginally significant (p for gender-by-moderate gender conformity = 0.10). Young women reporting the highest levels of gender nonconformity had over two times greater risk of reporting limitations in their usual activities (RR = 2.60, 95% CI 1.82, 3.71) and 1.7 times greater risk of reporting problems with pain (RR = 1.69, 95% CI 1.44, 1.97) compared to young women reporting highest gender conformity. In addition, a gradient was observed within these dimensions such that each level of gender nonconformity was significantly associated with greater risk of mobility and usual activities limitations and pain in young women. Among young men, the associations with mobility, usual activities, and pain were not statistically significant or could not be estimated due to sample size limitations. However, the association between gender nonconformity and anxiety/depressive symptoms was significantly greater magnitude among young men than among young women, particularly for men in the moderately 1 3 gender conforming group. Gender nonconforming young men had the highest risk of anxiety/depressive symptoms, relative to highly gender conforming men, followed by moderately conforming men.
In linear regression models examining the association between gender nonconformity and overall health utility score, a gradient was also observed: the most gender nonconforming group, on average, experienced a statistically significant 0.034 unit decrement in health utility relative to the most gender conforming group (SE = 0.005, p < .0001), while the moderately conforming group had a 0.011 unit decrement in health utility compared to their highly gender conforming peers. We did Table 2 Results of multivariable analysis of EQ-5D health dimensions and health-related quality of life (HRQOL) by gender nonconformity (GNC) among men and women (ages 18-31 years) in the Growing Up Today Study 2010-2013 (U.S.; n = 8408) EQ-5D health dimensions risk ratios (RRs) represent the relative risk of reporting any problems (slight, moderate, severe, or completely unable) vs. no problems with the following: (1) mobility = walking about; (2) self-care = washing or dressing myself; (3) usual activities, e.g., work, study, housework, family, or leisure activities; (4) pain or discomfort; or represent the risk of reporting moderate, severe or extreme problems vs. no or slight problems with (5) being anxious or depressed GNC = gender nonconformity (assessed in 2010 for GUTS1 and 2011 for GUTS2 using socially assigned gender expression scale and participant gender). Continuous scale score (range 1-7, with higher scores representing greater nonconformity to gender expectations relative to gender) was classified into three categories: 1 = most conforming (score <2), 2 = middle level of conformity/nonconformity (score 2-3), 3 = most nonconforming (score >3) not find support for our hypothesis of moderation by gender in the health utility analyses.
Discussion
Our findings provide novel evidence of a relationship between socially assigned gender nonconformity and risk for poor HRQOL in a U.S. cohort of primarily white young adults raised in middle-to-upper income households, independent of sexual orientation. Young adults in this study who reported being perceived as gender nonconforming (i.e., more feminine males and more masculine females) had higher risk of functional limitations with regards to mobility and usual activities as well as higher risk of experiencing pain and anxiety or depressive symptoms compared to those perceived as highly gender conforming. There was partial evidence of effect measure modification by gender, including a significant relationship between gender nonconformity and mobility limitations, usual activities limitations, and pain among young women but not young men. Further, there was a higher magnitude relationship between gender nonconformity and anxiety/depressive symptoms among men at all levels of gender nonconformity than among women. We also found that gender nonconformity was significantly associated with decrements in health utility, but moderation by gender was not statistically significant. Although there is no standard delineating what change in health utility score would constitute a clinically important difference, the difference in mean health utility between gender nonconforming and the most conforming respondents (0.871 vs. 0.922, difference of 0.051, p < .001) exceeds the minimally important difference in HRQOL identified in prior research (0.03 and 0.05 units difference) [42, 47] . Our findings regarding elevated anxiety/depressive symptoms are consistent with prior studies demonstrating that gender nonconforming young people are at elevated risk of negative mental health outcomes such as depressive symptoms, anxious symptoms, PTSD, self-harm behaviors, and suicidality [7] [8] [9] [48] [49] [50] [51] [52] . Our findings on mobility and usual activities limitations and pain are new contributions; little, if any, prior research has examined these elements of HRQOL in relation to gender nonconformity in young adults. To the best of our knowledge, this is also the first study to document the association between gender nonconformity and health utility.
Several pathways could potentially link gender nonconformity to HRQOL, which incorporates multiple dimensions of physical and mental health status. The minority stress framework posits that discrimination and violence targeting gender nonconformity act as social stressors that impact mental health via psychological and physiological stress responses [4, 5, 53] . In the GUTS cohort, childhood abuse (exposure to violence) has been shown to mediate the relationship between childhood gender nonconformity and adolescent depressive symptoms [8] . This might also extend to pain and functional limitations as many pain and somatic disorders, including chronic pain syndromes, functional abdominal pain, chronic headaches, and arthritis, have been associated with a history of abuse [54] . Exposure to violence and discrimination can also be linked to stress-related coping behaviors, such as substance use, which can reduce HRQOL. Sexual minority young people in the U.S. report higher levels of alcohol, tobacco, and other substance use compared to their heterosexual peers [55] [56] [57] , suggesting that links between gender expression, sexual minority stress, substance use, and HRQOL warrant further investigation.
Prior research has also suggested several gender-specific pathways to consider for the HRQOL dimensions on which we observed moderation by gender. Among young women, higher adherence to masculine role norms (which includes socially assigned gender nonconformity) has been associated with higher body mass index (BMI) relative to women who adhere to feminine role norms [58] , and high BMI may be linked to poorer HRQOL [59] . Greater gender nonconformity among women could also predict greater participation in stereotypically masculine occupations involving physical labor or in sports-related activities, all of which could increase risk of injury [31, 60, 61] causing problems with pain and mobility. Alternatively, more gender nonconforming boys might engage in less stereotypically masculine and less physically risky activities, which might be protective against injury and subsequent chronic pain or physical limitations; there is limited research on this to date, although a study of preschool age children in France found that lower masculinity scores predicted lower injury risk behaviors among both boys and girls [34] . Yet even for outcomes in which gender was not a significant moderator, gender nonconforming men were at higher risk of poorer HRQOL than their gender conforming peers, further underscoring the plausibility of the minority stress pathwaywhich is to say that stigma and discrimination related to gender nonconformity are taking a toll on the HRQOL of both women and men in this study.
Although the most gender conforming women and men had, on average, the highest HRQOL, some key questions remain unanswered. We recommend that future research on the relationship between gender conformity/nonconformity and health outcomes that influence HRQOL should examine the question of whether, for some health domains, the most gender conforming may have elevated health risks, and those who are more moderately conforming may experience some protective effects.
These findings must be considered in light of several limitations. We measured the key predictor, gender nonconformity, at a single time point; therefore, we are not able to detect changes in gender expression over adolescence and young adulthood and the effect such changes may have on health status; however, at least one study has found that childhood and adulthood self-reported gender nonconformity are positively correlated [62] . Although gender nonconformity was assessed in 2010-2011 prior to the measurement of HRQOL in 2013, this does not eliminate the possibility that prior poor health might influence individuals' understandings of others' perceptions of their masculinity or femininity. Further, although this study found that the most highly gender conforming were at lowest risk of having poor HRQOL, future research in this area should consider whether there are gender-related health domains for which the moderate group might be protected while those at the most highly conforming end of the spectrum may have elevated risks (e.g., disordered eating behaviors for young women, aggression-related injuries for young men) that could negatively impact HRQOL. Like any survey research, this analysis relies on self-report data, which can lead to measurement error and item non-response. Yet it is notable that prior research has found that selfreported gender nonconformity is positively correlated with observer-reported gender nonconformity [62] .
Power limitations were also a concern in this analysis, given relative sparseness of data for men at the most nonconforming end of the original gender expression scale, which may have hindered our ability to obtain effect estimates for rare outcomes and to detect interaction effects. This suggests that gender nonconforming young men of all sexual orientations are an important group for further study, in both similar and more heterogeneous cohorts. In addition, in sensitivity analyses using higher cut-points to define the most gender nonconforming group in young women, we found similar but slightly greater magnitude effect estimates, suggesting that we may be underestimating the association between gender nonconformity and HRQOL, and this underestimation may apply to young men as well as young women. We also note that small numbers precluded analysis of transgender-identified individuals. Finally, these findings are based on a predominantly white and middle-to-high income cohort of the children of U.S. nurses and may not be generalizable to other U.S. populations.
Conclusion
This study's findings contribute to a nascent body of evidence on the role of gender expression in the health and wellbeing of adolescents and young adults. The fact that the observed health inequities emerge even in a relatively young, healthy sample is striking as inequities in young adulthood have the potential to be exacerbated over the life course. In addition, to the extent that HRQOL is the result of exposure to stigma or violence, our study suggests that the EQ-5D can be used to evaluate cost-effectiveness of policies that aim to reduce victimization. Further research into the potential pathways between gender conformity, nonconformity, and health-in interaction with other vectors of social inequity such as racism, heterosexism, and class inequality-is needed to build a more complete understanding of gender and HRQOL across the life course, with implications for public health and policy efforts to improve adolescent and young adult health.
